Novel approach for identifying key residues in enzymatic reactions: proton abstraction in ketosteroid isomerase.
We propose a computationally efficient approach for evaluating the individual contributions of many different residues to the catalytic efficiency of an enzymatic reaction. This approach is based on the fragment molecular orbital (FMO) method, and it defines the energy of a deletion form, i.e., the energy of the system when a particular residue is deleted. Using this approach, we found that, among 10 investigated residues, three, Tyr14, Asp99, and Tyr55, in this order, significantly reduce the activation energy of the proton abstraction from a substrate, cyclopent-2-enone, catalyzed by ketosteroid isomerase (KSI). The relative activation energies estimated in this study are in good agreement with available previous experimental and theoretical data obtained for the similar proton abstraction with a native substrate and substitution mutants of KSI. It was thus indicated that the new approach is efficient for rationally evaluating the catalytic effects of multiple residues on an enzymatic reaction.